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理论比容量（1675 Ah kg-1）和能量密度（2600 Wh kg-1）高，储量丰富、廉价、
环境友好，相比于目前商业化的锂离子电池正极材料，具有很大的优势。然而，
锂硫电池也存在一些问题阻碍着其进一步的发展和应用：（1）单质硫及其还原产











































FeS2 和 Cu-FeS2），组装电池，进行电化学测试。研究发现，0.5 C 倍率下，Cu-
FeS2和 Al-FeS2电极首圈放电容量分别为 760、790 mAh g-1，循环 100 圈，可逆








工作是围绕 Cu、Fe 与 S 之间的化合物开展研究，研究 Cu/Fe 双金属的固硫效果。
实验的主要内容是通过水热法合成了一维棒状的 CuFeS2，并对其电化学性能进
行研究。通过研究发现，CuFeS2电极在 0.2、0.5、1 C 倍率下进行充放电，首圈
放电容量较高，分别为 675、603、569 mAh g-1。经过 100 圈循环后，0.2、0.5、























Lithium sulfur battery has become one of hopeful candidates in the next generation 
energy storage systems. The sulfur cathode has lots of advantages such as the high 
specific capacity (1675 Ah kg-1) and high energy density (2600 Wh kg-1). Compared 
with the state-of-art cathode materials, the elemental sulfur owns lots of advantages 
such as abundance of raw material, cost-effectiveness and environmental-friendliness. 
However, there’re still some problems hindering the further development and practical 
application of lithium sulfur batteries: 1) the insulativity of elemental sulfur and its 
reduction products (Li2S and Li2S2), 2) the “shuttle effect” caused by diffusion of 
polysulfides from the cathode to the anode, leading to the severe self-discharge problem, 
3) the large volumetric expansion (about 79%) from elemental sulfur to Li2S. To cope 
with these problems, methods like coating, loading to carbon materials and usage of 
additives are proposed to enhance the conductivity of cathodes and inhibit the diffusion 
of polysulfides, which aims to improve the cycle and rate performances of lithium 
sulfur batteries. 
So far, great efforts have been made to inhibit the ‘shuttle effect’ via physical block 
or electrostatic interaction by Ti-O, Si-O with polysulfides. Though some achievement 
has been gained, those methods are difficult to solve the diffusion of polysulfides. On 
account of those problems, this thesis shows the result of proposed chemical method of 
immobilizing polysulfides, which is to develop high performance lithium sulfur 
batteries. The elemental sulfur is firstly pre-immobilized by transition metals. Namely, 
transition metal sulfides are synthesized. The charge and discharge processes isn’t 
involved in the formation and diffusion of polysulfides when the metal sulfides are 
utilized as the active material. Thus, the loss of the active material is greatly reduced 
leading to the improvement of cycle performances. In addition, the electrical 
conductivity of transition metal sulfides is much better than elemental sulfur and its 















carbon coating. The main content of the thesis is as follow: 
(1) The synthesis and research in electrochemical performances of copper sulfides. 
Specifically, different molar ratio of copper and sulfur powder, and definite amount of 
conducting agent (carbon acetelene) were added into N-methyl-2-pyrrolidone and 
mixed evenly, following by heating at a definite temperature for definite time, then the 
products were obtained, which were coating onto aluminum and copper foil, 
respectively. According to the difference of molar ratios and different current collectors, 
‘copper-excess’ and ‘copper deficient’ electrodes were obtained. Among these 
electrodes, the ‘copper-excess’ electrodes with copper current collectors show superior 
cycle and rate performances. It’s speculated that the superior electrochemical 
performances are ascribed to the excessive copper provided by copper powder and the 
copper current collector, which can immobilize the polysulfides by the strong 
interaction between copper and sulfur. Thus, electrodes with marvelous performances 
are obtained by a facile method. 
(2) The synthesis and research in electrochemical performances of iron sulfides. 
Specially, micro-sized FeS2 particles were synthesized by a hydrothermal method 
followed by calcination at the high temperature. The electrodes with FeS2 as the active 
material and with different metal foils (copper and aluminum) as current collectors were 
tested. The results showed electrodes with copper and aluminum foil as current 
collectors exhibited the initial discharge capacities of 760, 790 mAh g-1 at the rate of 
0.5 C. After 100 cycles, electrodes showed reversible capacities of 540 and 240 mAh 
g-1, respectively, the corresponding capacity retentions are 71% and 30.5%. Rate 
capability test was conducted to the electrode with copper as the current collector, the 
electrode exihibited 475, 421, 383, 321, 257 and 190 mAh g-1 at the rates of 0.2, 0.5, 1, 
2, 5 C, respectively. When the rate was restored to 0.2 C, the discharge capacity of 419 
mAh g-1 can be regained. To explore the differences between two cases, XRD analysis 
was conducted to analyze the cycled electrode with copper foil as the current collector 
after 100 cycles. It shows that there’s a change in the active material species, which 
contained not only iron sulfides, but also copper sulfides and mixed phases of copper-















to formation of copper sulfides during the successive electrochemical reactions. In other 
words, the copper ions react with polysulfides to prevent them from diffusion to the 
anode. Thus, electrodes with copper as the current collector with high reversibility were 
obtained. 
(3) The synthesis and research in electrochemical performances of the chalcopytite. 
Specially, one-dimension CuFeS2 nanorods were synthesized by the hydrothermal 
method. The electrochemical tests showed that the material released initial capacities 
of 675, 603 and 569 mAh/g at the rates of 0.2, 0.5 and 1 C, respectively. After 100 
cycles, the reversible discharge capacities were 390, 357, 329 mAh g-1 and 
corresponding capacity retentions were 57.8%, 59.2%, and 57.8%. Besides, this result 
also shows that the transition metal (Cu and Fe) ions play an important role in trapping 
the polysulfides. 
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关注对象之一。2014 年 6 月，针对能源方面的需求和问题，国务院办公厅印发










图 1.1 不同储能体系的能量密度比较[1] 











































直径 18.6*高度 65.2 cm，圆柱形），标称容量 3.4 Ah，标准电压 3.7 V，重量 46 
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